The paper highlights the current situation of the quality of surface water in the areas influenced by mining activities in the north-western part of Romania. In this respect a series of investigations have been conducted regarding the contamination with heavy metals of the water of the Someş and Tisa hydrographic Basins, which cover the northern part of Maramures County and the south-western area of Maramures County, respectively.
Introduction
The presence of heavy metals in the aquatic environment represents an intensely studied issue. As it is known, there is already a natural background source of elements to which others are added from anthropic and anthropogenic sources (Macklin, et al., 2006; Hudson-Edwards, 2003; Dawson, Macklin, 1998; Miller, 1997) . The sources of water pollution are various but the mining activity has the highest impact, which means not only the exploitation but also the processing of ores.
The tailings generated by these activities, stationed in waste dumps and poorly waterproofed tailing ponds are capable of damaging the surface and underground water by acid drainage (Sima, et al., 2008; Zobrist, et al., 2009) .
Being an area with major mining impact, the Maramures County has attracted the interest of researchers to assess the mining influence on environmental factors and human health. Major attention was given to the mining impact on the quality of water, and the content in heavy metals (cadmium, lead, copper, manganese, zinc, iron, arsenic etc) using various investigation techniques (Bird, et al., 2003; Macklin, et al., 2006; Kraft, et al., 2006; Roman, et al., 2008) .
To highlight the comparative evidence of surface water quality from the mining influence areas within the Maramures County, several researches were made regarding the heavy metals contamination degree in the two hydrographic Basins Someş and Tisa within the territory of the county, which cover the northern part (Tisa Basin) and the south-western part (Someş Basin), respectively. Six sections were investigated in the Someş Basin and four in the Tisa Basin.
Maramures County is famous for its mining activities which were carried out until the end of 2006 when the mining extraction and processing activities were banned. Currently 17 tailing ponds and about 300 waste dumps are inventoried for Maramures. Of those 17 tailing ponds 1 is still active but has the activity temporarily suspended, and the others are already conserved or under conservation process (NCPBM Remin SA, 2014) .
The research results refer to 1999, 2007, 2009 and 2011 , and reveal the mining specific heavy metals such as Fe, Mn, Zn, Cu, Pb, Cd, Cr, Ni and water pH both during the exploitation of mines (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) and after the shutting down of the mining activity (2009, 2011) . These values represent the annual average of the monthly analyses outcomes. To comparatively highlight these concentrations, graphical representations were made for every element and hydrographic Basin. These results were compared with the maximum allowable values laid down by the Romanian legislation (Minister Order no. 161/2006 ) regarding the quality of surface water. The obtained data revealed exceeding of the maximum allowable values of several heavy metals even after the shutdown of the mining activity, which might be explained by the insufficient actions of closing and rehabilitation of mining galleries, and also by the faulty functioning of the wastewater plants.
Methods and data
The investigations are made for the period 1999 -2011 , more specifically for 1999 , 2007 , 2009 and 2011 . Year 1999 is representative for the active mining exploitation and ores processing in the County, and 2007 represent the year of the end of the mining activity in the County. Years 2009 and 2011 are indicators for the mining perimeters shutdown and rehabilitation degree.
Considerations on the Maramures County hydrogeology and mining
The Maramures County is situated in the northern part of Romania ( Figure 1 ) and covers about 6,215 km2 (Retegan, et al., 1980) . It partially comprises two major hydrographic Basins: the Tisa Basin (with Tisa as the main river) and the Someş Basin (with Someș as the main river) which form together the Someş-Tisa Basin.
The Romanian Tisa hydrographic Basin having a total area of 4,540 km2 is bordered to the north by Păduroşi Carpathian Mountains (Ukraine), to the south-east by the Maramuresului Mountains, to the south-west by Oaşului Mountains, and to the south by the Maramuresului Depression. (Ministry of the Environment, 1992) .
Besides the Tisa River and Someș River, the hydrographic network of the Maramures County is also represented by other main rivers, as: Vişeu River, Iza River and Săpânţa River which flow into the Tisa River, respectively Lăpuş River and Bârsău River which flow into the Someş River. (Posea, et al., 1980) . Tisa River springs from Păduroşi Carpathians Mountains, crosses the northern part of the Romanian territory making up the 62 km natural border between Romania and Ukraine, farther crosses Hungary and flows into the Danube River on Serbian territory (Ministry of the Environment, 1992) .
On the territory of the Maramures County the Tisa River captures a series of surface waters originated from the western slopes of the Maramures Mountains, the northern slope of Rodnei Mountains and Lăpuş area, the northern and eastern side of Oaş-Gutâi-Ţibleş eruptive, respectively. On leaving the Maramures Mountains, the Tisa River captures the Vişeu River, the Iza River, and the Săpânţa River (Figure 1 ) (Ujvari, 1972) .
The Someş hydrographic Basin covers 15,740 km2 (with 403 rivers). The middle part of the Someş River runs through the south southwest of the Maramures County on 50 km between Benesat and Seini, farther crosses the north-west of Romania and flows into the Tisa River on the territory of Hungary (Ministry of the Environment, 1992; Posea, et al., 1980) . The most important Someş tributary in the Maramures County is the Lăpuş River (Figure 1 ) which collects, beside other rivers, the mining polluted Strâmbu-Băiuţ and Botizu tributaries. In the Baia Mare City, the Lăpuş River receives the Chechiş River and Săsar River and downstream, the Băiţa Valley water (Figure 1) (Posea, et al., 1980) . The Maramures County is geologically characterized by non-ferrous mineral accumulations containing gold-silver ores and polymetalliferous ores which provided the opportunity for mining activities in some exploitations near the following settlements: Ilba, Nistru, Băiţa, Baia Sprie, Şuior, Cavnic, Băiuţ, Poiana Botizei, Ţibleş, Baia Borşa (Gura Băii, Colbu, Burloaia mining exploitations) and Vişeu de Sus (Măcârlău, Novicior, Catarama, Ivăşcoaia mining perimeters) (Figure 1 ) (Bălănescu, 2002; NCPBM Remin SA, 2014) . Also remarkable is the presence of copper mineralizations in Nistru, Baia Borşa -Măgura, Vişeu (Măcârlâu and Catarama), the gold-silver mineralizations at Săsar mining perimeter (Valea Roşie Mine, Borzaş Mine, Sofia Mine, Dealul Crucii Mine), Şuior and Băiţa mining perimeters (Figure 1 ). Iron and manganese ores were identified at Răzoare settlement and Valea Vaserului area (Bălănescu, et al., 2002 : Smical et al., 2013 . The entire waste rock volume removed from the opening mines is about 40 million m3 and is deposited in mining dumps and the tailings resulted from the ore processing; these represent about 67 million m3 and are deposited on the tailing ponds (NCPBM Remin SA, 2014) .
At the end of 2006 the extraction and processing activity of non-ferrous and precious ores was banned and the mining perimeters started to be rehabilitated and conserved, yet often superficially and ineffectively (sometimes without the slope angle correction and adequate drainage) (Ministry of Economy, 2014; Vasilescu, et al., 2012) . By the Bistra village, the Vişeu River drains the waters of Cisla River, Novăţ Roșu River, Vinului Valley, Morii Valley, Crasna River, Ruscova River, and their tributaries ( fig. 1) . The water quality of these tributaries is influenced by the mining wastewaters originated from the Borşa mining perimeter (Cornu Nedeii, Dealul Negru, Burloaia, Gura Băii, Toroiaga mining exploitations), as well as from wastewaters unpurified with sediments and heavy metals from mining waste dumps and Colbu, D1, D2, D3 tailing ponds, and Baia Borșa ore Processing Plants, respectively (NCPBM Remin SA, 2014). Moreover, in March 2000, the failure of Novăț Roșu tailling pond generated about 100000 m 3 of contaminated water with cyanide and heavy metals and about 20000 tonnes of mineral-rich solid waste which flowed into the Novăt Roșu River and farther (Bird, et al., 2008; Macklin, et al., 2003) .
Investigated hydrographic sections in Maramures County
The sampling section of the Tisa River near the Teceu Mic village is located in north-western part of the Maramures County, at the border with Ukraine and SatuMare County, and very far from the other three sections. The water quality in this hydrographic section might be influenced by the water quality from upstream, especially from Viseu River but also from Iza River and Săpânţa River with their tributaries (Figure 1 ).
Someş Hydrographic Basin sections (Figure 1) (from upstream to downstream): a) Lăpuş River -downstream of Răzoare village
The water quality in this section is influenced by the potentially polluted water originated from the Băiuţ mining perimeter with mining exploitations: Răzoare, Ţibleş-Tomnatec (including the mining waste dumps) (NCPBM Remin SA, 2014).
The water quality of Cavnic River in this section might be influenced by the Cavnic mining perimeter including the Plopiş-Răchiţele tailing ponds. As it discharges into Lăpuş River near În-tre-Râuri hamlet (Coaş village), the Cavnic River water quality is influenced by the potentially polluted waters from Breiner mining perimeter -Băiuţ mine, Cisma mining perimeter including the mining waste dumps (NCPBM Remin SA, 2014).
c) Săsar River -downstream of Baia Mare City
The Săsar River water quality in this section is influenced by the tributaries which fed the Săsar mining perimeter (near Baia Mare City) and from upstream by the mine wastewater from Şuior mine, Baia Sprie mine, Herja mine and Flotaţia Centrală Processing Plant (including the mining ore deposits). Thereto the water contamination was added in January 2000 when the dam of the Aurul tailing pond was broken and almost 100000 m3 of contaminated water with high concentration of cyanide and heavy metals released and flowed into Lăpuș and Someș rivers impairing their water quality .
d) Lăpuş River -downstream of Buşag village
This River section might be influenced by the Săsar River quality which makes a jonction with Lăpuş River upstream, which might also be affected by the water quality from the Săsar mine (especially by discharging mining water from Ioachim gallery, Lobkovitz gallery, Cuza Vodă gallery), as well as from mining ore deposits near the Flotatia Centrală Ore Processing Plant (NCPBM Remin SA, 2014). e) Someş River -Cicârlău village
The quality of this River near Cicârlău village might be influence by the mining wastewater from Ilba mining perimeter with Purcăreţ, Aluniş, Fata Mare, Venera, Firizan, Mihai-Nepomuc, Valea Roşie, Valea Băii -Nord mining exploitations, as well as by the mining water from Nistru mining perimeter ("9 mai" mine, "11 iunie" mine), and Băiţa mining area with Tyuzosa mine, Emerica mine, Ludovica mine, Galbena mine, Mihai Dumbravă mine, and Câmpurele wastewater treatment plant (NCPBM Remin SA,
The waters in this section of the river Someş at Ulmeni City could be influenced both by the quality of the tributaries from the Maramures County area (Figure 1 ) and by the upstream tributaries from the south-west belonging to other counties. These tributaries might also be affected by the quality of discharges from the mining area Rodna (Bistriţa Năsăud) where complex non-ferrous ores were exploited until 2006. 
Sampling and laboratory
The collection of water samples to determine the metal content was carried out in polyethylene containers, previously washed with nitric acid 1:1, and then rinsed with ultrapure water. Because it was intended to determine the dissolved heavy metals from the samples, these were filtered in situ by a filtering system made of a membrane with the nominal pore diameter of 0.45 mm. After filtration, the water samples were immediately acidified with nitric acid at a pH <2.
The The water samples subjected to atomic adsorption spectrophotometry analysis were digested with 1 cm3 of concentrated nitric acid, 0.25 cm3 of H 2 O 2 30% solution for 100 cm3 water sample to minimize the organic matrix interference.
The analysis by atomic absorption spectrophotometry in graphite oven allows determination of trace concentrations, i.e. ppb order, from acidic water samples (1 cm3 HNO 3 concentrated at 100 cm3 filtered sample). The interferences removal is achieved by the addition of matrix modifiers.
Results and discussions
The analyses results expressed by concentrations of iron, manganese, zinc, copper, lead, cadmium, nickel and pH respectively, represent annual averages of the monthly concentrations. The values were compared with quality class values provided by Romanian regulations, namely the Minister Order no. 161 from 2006 on the quality state of surface waters.
In the Tisa hydrographic Basin, the Cisla River in the section downstream of Baia Borşa City, presents the highest iron concentrations (dissolved forms) exceeding even the 3rd water quality class for years 2007, 2009 and 2011 (Figure 2) (Minister Order no. 161/2006) .
Of the four investigated hydrographic sections, the highest iron concentrations are noticed on the Cisla River downstream of Baia Borşa City (Figure 2 ). This might be explained by the influence of the Baia Borşa mining perimeters (Cornu Nedeii, Dealul Negru, Burloaia, Colbu, Gura Băii, Toroiaga mining exploitations) especially with the mining wastewaters uploaded with heavy metals and sediments from Colbu, D1, D2, D3 mining dumps, as well from the Baia Borşa Ores processing plant.
Referring to the Someş hydrographic Basin the situation is similar with that one in the Tisa Basin regarding the iron concentrations in 1999 and 2007. One can notice that in 2009 and 2011 the iron concentration decreased (Figure 2) . The highest iron concentrations were registered for Săsar River downstream of Baia Mare City and might be explained by the intake of the polluted water from Săsar mine cumulated with upstream discharges of the Nistru mine, Băiţa The manganese concentrations in the Tisa hydrographic sections register significant increases for Cisla River downstream of Baia Borşa City during the entire investigated period (Figure 3 ). This might be explained by the major intake of wastewaters originated from the Borşa mining exploitations including the Baia Borşa Ores Processing Plant (Figure 1) .
Referring to the Someş hydrographic sections the highest Mn concentrations were noticed for 1999, 2007 and 2009 on the Săsar River downstream of Baia Mare City (Figure 3 ). This might be due to the intake of polluted waters discharged by the Săsar mine in addition to those from upstream originated from Herja and Şuior mining exploitations, as well as from the Flotaţia Centrală ores processing plant (Figure 1) .
With the exception of 2011, during the entire investigated period the manganese concentration in the Săsar River downstream of Baia Mare City was included in the 5th water quality class (Minister Order no. 161/2006) (Figure 3) .
The zinc concentrations evolution in the period 1999-2011 for the hydrographic sections in the Tisa Basin shows the highest increase for Cisla River downstream of Baia Borşa City highlighting the year 2007 when the (Figure 4 ). This framing in a lower water quality level might be explained by the existence of polluted water discharging from the upstream mining exploitations.
An increase in the concentrations of copper in the Tisa Basin sections is noticed mainly in 2007, 2009 and 2011 . For all these three years the Cisla River downstream of Baia Borşa City has the water quality over 4th water quality class ( Figure 5 ). This is due especially to Baia Borşa discharging mining wastewater.
For the Someş hydrographic Basin the increase of copper concentrations is highlighted for 2007 and 2009 especially for Săsar River downstream of Baia Mare City where for this indicator the 4th water quality class is exceeded ( Figure 5 ) (Minister Order no. 161/2006) . This is due to the wastewater intake from the upstream mining exploitations and ore processing plants. (Minister Order no. 161/2006) . This might be due to the intake of waters polluted with heavy metals from the former mining exploitations and ore processing plants from Baia Borşa area.
There are also significant increases of lead concentrations in the Someş hydrographic Basin especially at Săsar River downstream of Baia Mare City section where for 2007 and 2009 the 4th water quality class was exceeded (Figure 6) . Similar values for cadmium have been reported by for the Lăpuș and its tributaries Cavnic and Săsar. The Cd values ranged between 2.2-83 μg/l for Cavnic River and between 1.6-18 μg/l for Săsar River . This might be due to the upstream mining waters especially from the Şuior mine, Herja mine and Baia Sprie mine, as well as from the Flotaţia Centrală Ore Processing Plant.
For cadmium there are major differences among the investigated sections in the Tisa hydrographic Basin within the Maramures County area. For 2007 For , 2009 and 2011 important increases of this metal are registered especially in sections of Cisla River downstream of Baia Borşa City, which leads to the framing of water for Lăpuș, Cavnic and Săsar rivers.The presence of cadmium concentrations might be assigned to the wastewater discharge from the Ferneziu metallurgic plant (SC Romplumb SA) and upstream mining exploitations.
The nickel concentrations in the investigated hydrographic sections both for Tisa Basin and Someş Basin do not indicate a major alteration of water quality. The poorest water quality is registered for Cisla River downstream of Baia Borşa City hydrographic section where in 2007 the water was framed in the 4th water quality class (Figure 8 ) (Minister Order no. 161/2006) .
In the Someș Basin the highest concentrations for nickel are noticed for the Săsar River downstream of Baia Mare City where the 2nd class of water quality is exceeded (Figure 8 ) (Minister Order no. 161/2006) .
For all the ten investigated hydrographic sections, the water pH for all years taken into account (1999, 2007, 2009 and 2011) are framed between the lower and upper limits provided by Minister Order no. 161/2006 (Figure 9 ). For Someș Basin rivers, similar results were obtained by for Cavnic and Săsar rivers whose pH ranged between 6.85 -7.45 and 6.93 -7.85, respectively.
Conclusions
To highlight the influence of the mining activities on the quality of the surface water in Maramures, research on ten hydrographic sections belonging to the Tisa hydrographic Basin and Someş hydrographic Basin were carried out for the years 1999, 2007, 2009 and 2011 . From these ten hydrographical sections four sections belong to the Tisa Basin and six sections to the Someş Basin. These years are representative for the three major periods regarding the mining activity in Maramures County as follows: 1999 is for the full activity before the mining ban, 2007 is the year when the mining activity was banned, and 2009 and 2011 respectively are the representative years for the postmining shutdown period.
Although the mining activity has been banned since the end of 2006, according to the outcomes of the research, the water pollution phenomenon continued to increase in several places, especially in the Tisa Basin where the Cisla River downstream of Baia Borșa City is the most representative. This might be explained by the massive concentration of the mining perimeters around the Baia Borșa City (Cornu Nedeii, Dealul Negru, Burloaia, Gura Băii, Toroiaga mining exploitations), as well as by the uptake of wastewaters unpurified with sediments and heavy metals from mining waste dumps and Colbu, D1, D2, D3 tailing ponds, and Baia Borşa ore Processing Plants). This situation is enhanced by . This may be due one hand to the ineffective and improper functioning of the mining water cleaning plants and on the other hand to the intake of the fresh and clean tributaries. To reduce water pollution, most of the tailing ponds need better rehabilitation and conservation, including correction of the physical and chemical stability, as well as improvement of the drainage conditions. It is also necessary to endow every mining perimeter with a wastewater cleaning plant to discharge waters which meet the requirements provided by the legislation in force related to the quality of surface waters. It also requires ongoing monitoring of these waters in full compliance with the provisions of the Water Framework Directive 2000/60/EC whose major objective is to achieve the level of good ecological and chemical status of waters in the territory of the member states by the year in 2015.
The results revealed by this paper could be used for extended researches and also by institutions and associations which evaluate the mining impact on the waters.
